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V ^ 1/ > 



T^^)ti1^^»(L'^tU^X'^y^y^yi^:^- (Zebrafish) ^^ofc:;^^^ 

Tz (Driever, W. et al, , (1996) Development 123. 37-46. ; Haffter, P. et a 
1., (1996) Developmeat 123, 1-36.) o 

M) ii. N-ai5^;V-N-^ h n (ENU) X. tl ^€ ^ ^ «^ "T ^ 

D — - > ^-r ^ w i: b t: V> o ^jj^ t ^-^^ o -C ^ (Postlethwait, J. H. 
and Talbot, W. S. (1997) Trends Genet., 13, ) o 

me^^ n — XbJSlRlM©^^ i: LT. (Hopkins) CD^;i/ 

h ^mxm.mm.^m%i^rz (Gaiano, N, et al, , ( 1996) Nature 383, 

829-832.) o mx^tirz^^'^ — \t^<z)mf^\f^m^x^^rz&>^fi^mm^z^^ 
^-mmo^^i^mm^mmiz^i^x^tzo l^j^u. ^<D^^it.^p^ < 

UCO» + efi<. mm^M^fD^m^'^^^zum^ tai}'^ tz (Postlethwait, J. H. 
and Talbot, W. S. (1997) Trends Genet., 13, ) o 
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o UTi.^^o V yu-^iy^^ B±)i y= ^ y T \y > 

(RDA : Representational Difference Analysis). (Cimino, G. D., Gamper, 
H. B., Isaacs, S. T. and Hearst, J. E. (1985) Psoralens as photoactive 
probes of nucleic acid structure and function : organic chemistry, photo 
chemistry, and biochemistry. Annu. Rev. Biochem. 54, 1151-1193.) fji}^(D 

(Chackrabarti, S. et al. , (1983) Genetics 103, 109-124. ; Mullins. M. C. 
et al.y (1994) Curr. Biol. 4, 189-202.) o 

OfpXM.MlzmA.X\.^ < (Di^mmx ^ ibX^ ^ (Stuemer, C. A. 0. (1988) 
Retinotopic organization of the developing retinotectal projection in t 
he zebrafish embryo. J. Neurosci. 8, 4513-4530.) o 

— D N ACD^^gi^^i: bT^ ^nTV^^ h 'J ^ 5^;VV ^ b > (4, 5' , 
8 - t r i m e t h y 1 p s o r a 1 e n) (J^T. T M P i: ^ o ) 

:^^m (Escherichia coii) -^H^ ( Caenorhabditis elegans) is T g[ 

xfi'^^isim^i^^^^^i^mz't^iti^m^tix^^rz. 

qrt^^Sf L V^itfeT^^I^ (mutagenesis system) om ^Isb ^ tiX tzo 

' 2 - 
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d ix ^ ® ^> T M P ^^^A^WMibi^s ^iz-^y"^ y >c 

b^^cite^^M^i-r^^^tcii-r^o 

Hl^ii. TM P ^MSCD^^H^^-To 

^3^ii. 3^^2 8 ^r^®HX»^iS^K»i^ (A. B) . Rohon-Be 
a,rdm'M:n^ iO. D) . ^ b T ^ * - <^^ili&»^g (E. F) O m^M (A. 

Cs E) ii^xj^e dw (Bs D. F) momioi^ ^o^mw^%^(Dm'^\zf^ti 
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■e ^ $ n {b ^ ^ {:f ^ ix ^ o 

H5IB-j9S^ (I) tr^tt^^^bjdc^Si: LTIi. ^^^^^ ^^»l-3 0. $f 

J: D b < i±i&WiT JU^^umx^ ^ . MI^S 2-3 0. »^b<(d:2'-2 0. 
J;D^Ef^U<y:2-l 0 cOiS^ttXii^=Kt^or ;i/^->'^^^ ^^i^ 5-30. 
$?tb<(i5-20. J: !3 jEf ^ b < ti: 6 - 1 0 ^^3t ii^-^^^O v ^ 

nT;i/^;i/^. ^^Sc6-3 0. $?^b<ti6-20. J:iD$?tb<ll6-l0 
£D#^. ^^Xti^'^^^i^>r U -;v^73: h"^^t:f ^n^o 
-JSS^ (I) ^^otulB brcT^i'^;^^. 7';i/>:rn;v^, ^ n r T 




(I) 
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v^5^;i/r^y^s ^ y :/ D ;i/ T ^ ^ S ^ ^ 

n-rotr^vs. -fvrnt:;!/^. n-r5^;vSs t->^f^;i/^. 

i>^n^^i^;vS. i> i> n --^ > 5^ ii'^D ^ n t ;v ^v^^ :7j: — ;i/ 

:h ^*co r U — ^>iP)vm. y jvMt^ ^ cot ^ ^ )\^ 




(II) 



CH^ 



-ea^ n-s b 'J V ^ 1/ > (tmp) -j^mi-f^n^o 

TMP (4-5' - 8- trimethylpsoralen)ti. ^^UW. 

- 5 - 
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tcJ:?)-^Dai^n. ^mt VX ^bmm^^^^^t ^ (Cimino, G. D. e£ al., 
(1985) Annu. Rev. Biochem., 54, 1151-1193.) o 

^ Ol:^ ^^(D:B^. RDA^S (Representat ional 

Difference Analysis) (Lisitsyn, N. et al. , (1993), 
Science, 259, 946-951.) tSt^'T'. ^ M S^ffi^fic^ © ^fe<*:©r M" ^ ^ D - - > L 
^c^v ^^S^^^^xm^i^±^^m ( Chromosomal walking ) T Z t ^ t) 

enorhabditis elegans) "e^^^i^Tl^^ (Yandell, M. D. et al., (1994) Pr 
-00. Natl. Acad. Sci. USA, 91, 1381-385.) o L^tPbs ^Si&^CDjte^. 

<D±x<Dnmmm^6^^\^ ^)\^x^ o z t-^'^^^t ^m^x^^ t^'^u^^n 

^ T V^ o 

AS§1^iS^-e ^ i> T M P (Driever, W., Solnica-Krezel , L., Schier, A. F., 
Neuhauss, S. C. F.,Malicki, J., Stemple, D. L.. Stainier, D. Y. R. , Zwar 
tkruis, F., Abdelilak, S., Rangini, Z., Belak, J. and Hoggs, C. (1996) A 
genetic screen for mutations affecting embryogenesi s in zebrafish, Dev 
elopment 123, 37-46.) J: ^ Hi^ ^ ff ^ Tt: c ^ 1 H C CD Sl^ ;^ S £^ ^ ^ 

- 6 - 
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CD 4|StC 1 M^iO-^-e. F 3 l /4<:?)it^T-^^^7}^^^^ (m/m) 

-fe*r^7-f'^i/iAB^^cr)li^. 0. 0 3% ( w/ V ) o 3 - T 5: y ^m#. 

ThAjito 3 5 MO^id^ ^2 0xil^£D^i-tr^U— -eilt^S^^^lUx 3ng/ 
ml;iJ^^30 0ng/ml®TMP^. l%v;^5^;u::^;i/:^^i>F(DMS0) 
^^^?>'^>^' (Hank' s) :^J^7fc lOO/zltc^^b^to 5^r^7j<©±-e# 

U iin®±lc:?gT LT i!li^x D N A3§^^ (T F L - 2 0 M. Vilber Lo 
u rma t^t)^. 7 -7 > ;^ ) © ^^i^a^M^g© ± ^ ^ . ?fe:^3 1 2 nm. 0 , 
0 2 J / c m 'C0^{^t=t^ h U MOS® b ^ .^1^ bfco 

^^^^il!L3S^n;^;gT^^x AB 3^g6(Z)M^*^ bT^^ (Stuemer, C. A. 0. 

(1988) Eetinotopic organization of the developing retinotectal projecti 
on in the zebrafish embryo. J. Neurosci. 8, 4513-4530.) td o T ^ < 
}f b-CJg^Dm bfcff LVME«§PhAX^)ltbfe (^OB) o ^ b ^ H&MT 
tl 2 % ^\ZX I 2^mW^ . ^SilD (Allende, M. L., Amsterdam, A., Becke 
r, T., Kawakami, K, , Gaiano, N. and Hopkins, N.. (1996) Insertional muta 
genesis in zebrafish identifies two novel genes, pescadillo and dead eye, 

essenstial for embryopnic development. Gene Dev. 10, 3141-3155.) F 1 M 

T M P ^^Jn bT b ilL ^ ^ n h(0\±. ,15 h ^ Il^XOW 

i^WLm,\zm^fz ^ ^m^. 58G^)o-^^ 3 0 n g/m 1 TM P-e^S 
^tirz%(D\±^ B^^X\zt:^ri^^ 1 % ^ Om^. 371^!i)^ 300ng 
/m 1 T MP X^M^titz *>®Tti9. 5%(5 15^45. 49^) X.t'^^m 
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7 0^*. 122m) i^^m^2 B m^X'^^ ^^^^^m^Tjki^tzo 

i^itty-rt' (2%i^j.y) x^r^tio 

^^0m^'^m(D^mmm^m^'t ^ z tup ^m<^mm<D^m^ 

x^^:i t^mt ^ y^)i'm^<Dm,B^ i^tz. :^^m^^\^. a b i^Mconojit 

3 0 n g/m 1 ^ 3 0 0 n g/m 1 <Z)TMP-e^n^nSaiSIL. y^X^- 

^m0m0m^xx.^mi.tzo 3 0 b^. 3 0 n g/mi<DTMPX(Dmm^^ 
(DF im<^. 1 1 E 1 6 mi^. ^fcsoong/micoTMP x<Dmmm^ 
(DF imi^. 1 3 om^ 3 m-^j^^mmoBm&m^mL^tza rj:^^ ^^^m^ 

(D^XmrnVtzF IXi^B 6 6 mcD^^Bm&m^Wr:^ tcmi^i>^-^UX$)^ tzo 
.^CD^^^ ^P^giis 3 0 n g/m 1 CD T MP T- 0 . 5%. 3 0 0 ng/ml 

(DTHP X 2 % tnn^ti. T MP ^m^i^'^y'y y ^ ^^mi^x^^^x^ 

^ z ti^^^^titzo 

^m^^i Bt^^ 5 B(Dmx. F 3 (D^\zmi^mnmmmiz^:bmmt. mmm 
mzMf^^^^\z^ V > ^ {F 2 y.^ ^) — mi m^m) ^^^tz 

tZ^. ^{C 3 0 n g/m 1 OTMPT*50ii@^nfeJ^^S5feCDF 1 s 26m^iy^ 

6 1 0 m^o^mi^^mmi^tzo ^ ^ tc f i mi^om ^mm^m(Dm^x^^<h 

^'^xmm^^^'^rz^m:i^(Dy ^ ^) — > (Stuemer, C. A. 0. (1988) Retinot 
opic organization of the developing retinotectal projection in the zebra 
fish embryo. J. Neurosci. 8, 4513-4530.) if^ ^ ^ 2 ^M^^ \^ tzo m^titz 

^mm^(Dp^m\^^(D ^ x^^o ^w^m {4mm) . 'J^^/J^aM (3^^) . 

Ltzo 

TMP ^z^^^mmi^^^i>:imm Lx\.^^ z t^mi3-ib^tz&b. ^^m^^it 
nm^.izmm^w-^ 2 m^(D^m^ (j s t j 10) ^^^tcpu<^^Lfeo 

MUMn^^ (no tectal neuron) ( n t n j 5 ) iz^^^tz^^ 



wo 00/14213 PCT/JP99/01227 

y^D-:^;utn;* (Sigma^) (Haffter, P., Qranato, M. , Brand, M.., M 
ullins, M. Hammerschmidt, M., Kane, D. A., Odenthal, J., van Eeden, 
F. J. M., Jiang, Y.-J., Heisenberg, C.-P., Kelsh, E. N., Funitani-Seiki . 
M., Vogelsang, E., Bauchle, D., Schach, U. , Fabian, C. and Nuesslein-Vo 
lhard, C. (1996) The identification of genes vith unique and essential f 
unctions in the development of the zebrafish, Danio rerio. Development 
123, 1-36.) T^febfci:c:5s ^^MCDETti 3 7-3 9 ^ © tC ^ b.< ^ 

mumnm^ (ntn) ^mi^om^\tm(D^<iL'^{tm^^zM^^\±M.ibtiti: 
m'^^mi^ (^^xii:iii)i:. urn • asd^^^n^.'s^tr^^ii br (ch 

en, C. and Tonegawa, S. (1997) Molecular genetic analysis of synaptic pi 
asticity, activity-dependent neural development, learning and memory in 
the mammalian brain. Annu. Rev. Neurosci. 20, 157-184^ Chackrabarti , S., 

Streisinger, G., Singer, F. and Walker, C. (1983) Frequency of r-ray in 
duced specific locus and recessive lethal mutations in mature germ cells 

of the zebrafish, Brachydanio rerio. Genetics 103, 109-124.) o 

m2mit. m^m (a) tmumnmrn (n t n) cb) a)jE©^^38^^ 
-Tffe^o mi5i^^a:>ti'y'-^n'^^^. &mm^%^o tpc (The 

tracts of posterior commissures) ^Ji'fo 
^ fz. ^^m^ i?>li. S^iPti(edawakare) (edwjlO)l^^ 

'Mf^hm^^-^^tzo ^^t^n (edw) omm-rz. HX 
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^^ip D — > b*T— F ( R o h o n - B e a r d ) m'^nm(D Mmmm (D mn 
^&2QmmXs ^^^CD n -> t*T— h- ( R o h o n - B e a r d ) 

^0^m^m^i^m±^i^\^\^mmiy^^mmm^^\^\fx^v'x\.^rz (msmo 

It^^fz <Mt)^ -^iy^-otzo ^^ifiti (edw) ^mi^X\±. W^mo^^mi^ 

mmxisb^ z t^^m\.rzo m±mx\^. c SLpmmi^mmmmmxwxf^^ 

(^3^E) . ^^ifiti (edw) ^mi^(Dm1^ I 5 m"a>^B0 C a P Ifi^®?^ 
(Rohon-Beard) m'M.nm (CB.V^'D) . ^ LT^ ^ - M i& 

li. e d wE:(DtKm\^tzmnnmi6im {brv^b) ^mLtzmmn^mm 

(F) T-fe^o ^3^®::^'r-->'l/^'^ — (i. 1 0 Q um {A RUE) . 5 0>am 
(C) T-g>^o 



n;^o c:ne)<^ig^iix e d w^M:6s = X?*JlgBi5 J:t5D - > b'T- K (Roh 
on-Beard) ^ ^ Sl^ O 5^ ^) iri^mmmm<Dmm^z ^BW^Rl^ 

^Tz. c a.vmm<DmM\±i^m^<Dmm(D'^^^x^^ t^^^^n^o zn^ 
xizmmom^m^mmt^x^i3:^^^m-^^mi^ ( i u b, fro, s i o) 

^a^ilX\f^^ (Gaiano, N., Amsterdam, A., Kawakami , K. , Allende, M. , Be 

- 10 - 
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cker, T. and Hopkins, N. (1996) Insertional mutagenesis and rapid cionin 
g of essential genes in zebrafish. Nature (London) 383, 829-832^ Sladek, 

F. M., Melian, A. and Hovard-Flanders, P. (1989) Incision by UvrABC exc 
inuclease is a step in the patb to mutagenesis by psoralen crosslinks in 

Escherichia coli. Proc. Natl. Acad. Sci. USA 86, 3982-3986.) c bd^L^ 
iSSmttS ® M S EC -O V^ T iZ) 55: V^ o 

O o 

TM P tC J: ^ ||®|^Ci5V^T *s ^<©FlJE3b^i5^^< Sffi ^ ^ ^ ^ "C V^ 
fcfei&^ff5^^Mb;fe;ti^e>-efe^o ^^Ict^. 3 n g/m 1 ©mSO) V ^ 1/ 

MP.^^at^s 0. 0 1 - 3 0 0 n g/m 1. $eF ^ L < ii 0 . 1 - 1 0 0 n g/ 
ml. i:!3^^b<t^0. 1 — 50ng/ml. ^^tc^^U<{il-30ng 
/m 1 ^ o 



- U - 
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U ^ >mmto:>^mi^^^^rz^ D N AC^^^JF^JS^-T ^ (Driever, W., 
Solnica-Krezei, L., Schier, A. F., Neuhauss, S.C. F., Malicki, J., Stem 
pie, D. L., Stainier, D. Y. R. , Zwartkruis, F., Abdelilah, S., Rangini, 
Z., Belak, J. and Boggs, C. (1996) A genetic screen for autations affect 
ing embryogenesis in zebrafish. Development 123, 37-46.) o DNA— 

i^iK^^iifz^-r :i tt^:^mmhB^'Vm^nx\.^^ (Cbitnis, A. B. and Zuv 
ada, J. Y. ( 1990) Axonogenesis in the brain of zebrafish embryos. J. Neu 
rosci. 10, 1892-1905. Furutani-Seiki, M, , Jiang, Y.-J., Brand, M. , Heise 
nberg, C. -P . ,Houart , C. , Beuchie, D., van Eeden, F.. J. M. , Granato, M, , 
Haffter, P., Hammerschmidt, M. , Kane, D. A., Kelsh, E. N., Mullins, M. C, 
Odenthal, J. and Nuesslein-Volhard, C, (1996) Neural degeneration mutan 
ts in the zebrafish, Danio rerio. Development 123, 229-239.) a ^ (D ^ o U 

RDA ( Representational Difference Analysis) (Cimino, G, D., Gamper, H. 
B., Isaacs, S. T. and Hearst, J. E. (1985) Psoralens as photoactive pro 
bes of nucleic acid structure and function: organic chemistry, photochem 
istry, and biochemistry. Annu. Rev. Biochem. 54, 1151-1193.) ^^TV^^ e 

-t^ftlsb\Z. ENU^^^ (Russell, W. L., Kelly, E. M. , Hunsicker, P. R. , 
Bangham, J. W., Madduz, S.C. and Phipps, E, L. (1979) Specific-locus te 
st shows ethylnitrosourea to be the most potent mutagen in the mouse. Pr 
oc. Natl. Acad. Sci. USA 76, 5818-5819. Wilson, S. W., Ross, L. S., Parr 
ett, T, and Easter, S. S. Jr. ( 1990) The development of a simple scaffol 
d of azon tracts in the brain of the embryonic zebrafish, Brachydanio re 

- 12 - 



wo 00/14213 



PCT/JP99/01227 



rio. Development 108, 121-145.) -^W X^^^ (MuUins, M. C, Hammer schm 
idt, M.» Haffter, P. and Nuesslein-Volhard, C. (1994) Large-scale mutage 
nesis in the zebrafish: in search of genes controlling development in a 
vertebrate. Curr. Biol. 4, 189-202.) tc ia x. T ffi IB ^ T ^ n - 5^ (D tt :^ 

nmm 1 

-^zr^ y ^ ^ ABmm<Dm^. 0. 03% (w/v) oos-T^ygm^ 

X ^'^ > V r U.^i^ ^ CD :^ ^) y h l-f ^^i^ ^ ^ 

i2.^fio 3 - 5 ^ 2 0 1 fflt7):3r^ t:^ U --eJ^^&^iSiei 3ng/ 

inli}^^3 00ng/mlCDTMPi:l%i^y5^;i/;^;W4^^r+?-'l'h* (DM SO) 
^^tX^^y ^ (Hank' s) A^tR lOO/iltcl^ggLTto 

U M©±tC?ST bT^-<^. DNA^^f§l(TFL-2 0M. Vi 
Iber Lourmattt^s :7 ^ > x ) © Sl^iSI.^MS M © ± M 26:1 
312nm. 0. 0 2 J / c m ^ft^T ^ h U M© J^M b C^^l^^ ^ b Sio 
^Mil^Sa:®^ n?^c^r^=£ A Bi^^©!ai^*SibT^^{::^&oTM^^<l¥b 
D tB bf^Sf bV^IEm^Pi:AX^)^bfc (^OB) o b T^c P ^ Bi.^T T 2 

3 0ng/ml(Z)TMP "C 5fi.S ^ ^ ;t ^ © 9 Bi^-etCiJ-f^S 
7%(650^?3Pf. 3719f!l). 300ng/inl©TMPT*^aiS^nfe^©T 
ii. 9. 5% (5 15^?(14'^ 49^) bd^^^Mt53Q:^o7to 

3 Ong/inl®T M P T- ^ILS ^ ;® ^ ^ ^ b :t K© ^ . V 0 %)U± 
( 1 7 0 1 2 2 01!) A^^^^ 2 B @ ^ ^ ^ ^f^JB^ ^ bfco 
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ti:mm 1 

i5i:^i:*:^-t CDEiJ^^.^tc: Wo ( 5 9 4^*^ 5 8 0 ^) o 



nmm 2 

t:^ -o tZa 

AB ^m.<D mom "^^^ 3 0ng/ml^3 0 0ng/ml®TMP-e^tt^ |gj 
TUP^m^'^OF 1 mi^ 118 im^ emt^. ^tz. 300ng/ml©'TM 

pmm^^(7) Fiii#:i3 0^* 3 mt^j^^mmcD^m^m^^^x^rza 
75:^5. m^nmmoc^-<:^mi.tzF ix{±. see mcD^iz-^m^m^m-D tz 

®#:ii-tf HTfe^feo ^om^. ^^mmi±. SOng/mlTMPTO. 5%. 
3 0 0ng/mlTMP't2% hffg^ tis T M P ^P^ti^f :7 ^ S;- a. 

/m 1 ©TMPT$!LS^n7^c:J^^fe*0 F 1 . 2 6^^*:^^^) 1 0^^(^)^Mf^^ 

mMi^tzo 

cD::^^U">d^^^2 mm^^mL^fza m^ntz^^m^^(Dp^mit»i<D t:^^ x^ 
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